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IN T1ODUCTQN 
Droopy-ear, designated 'de', is an autosomal recessive mutant 
which arose spontaneously in an outbred stock or mice, and 
appeared later when the stock was inbred 	The phenotypic 
manifestation of droopy-ear is such that the ears are set lower 
down the side of the head s and the pinna project laterally, the 
degree of roopynees is constant, and there is no possible over-
Lap with the normal, the gene is also fully penetrant. When 
viewed from the front the a'ult mice Look broad cheated and 
slightly bow logged. Droopy-eared mice tend to be smaller than 
their fu.U. sibs. Both the males and females breed well, 
although the females are not always good mothers. 
On a genetic background such that the belly hair is lighter 
than the back hair, the belly hair comes up further round the 
aides of the body and face. 
Droopy-eared mice react slightly to sound but in some cases 
appear to be quite deaf. 
Classification is done by the position of the ears which are 
displaced at birth, this displacement is caused by a change in 
the proportion and position of some of the skull bones, namely 
the interpariotal and the baiioocipital. At birth a check on 
classification is possible, since the outline of the scapula and 
acromiom may be seen through the skin, and in droopy-eared mice 
these are always reduced in size, and the atcromion is also 
abnormal in shape. Thus droopy-ear with its clear peletrance, 
and distinctive manifestation at birth even in the presence of 
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other diverse genes, showed great promise as a genetic marker. 
Linkage studies were therefore carried out s Moreover a cursory 
examination of the skeleton revealed that the abnormalities were 
varied and scattered throughout the body, in that not only were 
the proportions of the skull, and the form of the scapulae 
abnormal, but that the occipital region, and the bones of the 
limbo were also affected. Therefore it seemed that this would be 
a most fruitful field for developmental study. 
It is these two aspects of the gene that have mainly been 
studied here but in the course of this work, some attention has 
been given to the internal bone structure, the haeaopoetic 
marrow, and the red blood cells. Also the cause of the 
apparent deafness has been investigated. 
- 




PART I. GENETICS 
In order to establish the onaracteriatica of the droopy-
eared gene, the segregation of droopy-ear, in four types of 
matings were recorded 	As far as was known the only other 
mutant genes segregating in these matings were agouti, non-agouti,, 
black, and brown. Classification was made at births The 
results are given in Table 1 which show that droopy-ear is due to 
a single recessive fully penetrant gene. 
Table 1. 
+ do Total 	) 
de/de x de/de 0 63 63 - 
de/de x +/+ 216 0 216 	- 
f/do x +/de 116 35 151 0.32 
f/do x de/de 124 106 230 	114 
The very slight deficiency of droopy-eared mice in the 
segregating families suggests that droopy-ear is less viable than 
the normals, but the deviations from the frequencies expected 
for a fully viable mutant are totally insignificant. But of the 
204 de aice listed above 37 died before they were weaned while 
only 9 of the 456 normals died, these figures do not include the 
death of whole families whion had been eaten by b&i mothers, 
So droopy-ear is slightly that nevertheless significantly less 
viable than normals during the first few weeks of postnatal life. 
2.. Linka&e and Independence 
In order to try to locate droopy-ear in the 'genetic map 1 , 
of the mouse, a series of linkage tests were carried out, These 
tests led to the conclusion that (Iroopy-ear and Varitint were 
linked, Previously Varitint had not been located in any linkage 
group; these  two  mutants now conetitute a new linkage group, ZVX. 
Mnteria Methods and Re suite 
In order to test as great a chromosome length as economically 
as possible, Carter and Falconer (1950)  designed linkage stocks, 
which coupled in each stock as many mutants as could be 
conveniently handled, which showed no interaction, and could be 
easily identified, The mutants in the stocks being chosen to 
cover a aezisue chromosome length. At the time wen this work 







kaoa of the dominant eocs was outoroased to hoaoiygous droopy-
eared nice, then backorose aatings of the Fl which had at least 
two of the ..ic,ainant mutants were made to droopy-eared sice, 
Approximately one hundred offspring were obtained for each mutant,  
The recessive stocks were ostcrosaed to howosygous droopy 
eared mice, then the F were interorossod, again approximately one 
hundred offspring were obtained for each mutant. 
In eaøh case the reooabination factor 'p 1 , an the etanard 
error were ealculated using the method described by Carter and 
Falconer (1950), 
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In the course of doing the tests for independent Begl'egatiOrL, 
it was found that de and Va were not segregating entirely 
independently of ea•h other (Table 2*). In order to test more 
conclusively for linkage, matings were set up with do and Va in 
the opposite phase, For this a dodo Ve$ mouse was outcroase4 to 
a wild type, and the Varitint offspring were mated to homozygous 
droopy-eared mice. So these matings had do and Va in coupling, 
taking the definition of coupling as the two mutant alleles being 
on the same chromosome, A further one hundred offspring were 
obtained from these matings, the results are shown in Table 2b. 
The viability of dede Va4 *ice is impaired and death may take 
place at any time, some died before classification was possible, 
no allowance has been made for this, as it would not have 
appreciably affected the results. Combining the two sets of 
Information, the results in Table 2 show that droopy-ear and 
Varitint are linked by a recombination factor of 27 ± 3,2 
Table 2 
Analyses of linkage of droopy-ear with Va.ritint 
atin& Toe 	Phenotype of ProgenY Total D. 	I. hecob.1 .L 
	
+Va ++ deVa de4 	 P. 	0. 
Backoroas, Repulsion 
de$/d x dei/+Va 	48 22 19 44 	133 -160 532 31 + 43 30 
Backcross Coupling 
do+/de+ x deVa/++ 	13 46 35 13 	108 -110 432 25 ± 4,8 28 
Combining these figures 241 -270 964 27 ± 3.2 71 
Since previous to this work Varitint had not been located in 
any linkage group, the tests with the other linkage stocks were 
continued as droopy-ear night have been found to be linked to 
some other gene as well. The results in Table 3 show that this 
was not the case, since independent segregation was found between 
droopy-ear, and the twenty other genes tested, siwilarily it was 
found to segregate independently of sax. 
A new linkage group, number sixteen, has been formed, 
containing droopy-ear and Varitint, 27 centimorgans apart. This 
group as far as it has been possible to test, is not linked to any 
of the other existing groups, and is not on the paired eaettofl of 
the sex chromosomes. 
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Tb1e 3,. 
Independence of droopy-ear 
utant Unkme Hating tenotY!1e pf Progeny Tpta.1 Recoabjnjtion % 
Group tie +aeI +ae . 
XI BR 27 35 20 29 111 50 ± 4.7 
T IX BR 27 26 20 20 88 50±5.2 
N VI BR 28 27 25 14 94 55 + 5,2 
Re VII BR 22 29 18 23 92 48 4,2 
Sd V BR 25 38 10 25 98 50 5. 
5 III ZR 65 27 14 4 110 44 ± 7,2 
YJ2 VII ZR 79 33 15 5 112 59 ± 7,1 
In XIII ZR 74 18 14 5 111 58 ± 7.1 
b VIII ZR 56 12 13 4 86 45 ± 8,0 
V BR 34 37 19 22 112 50 + 47 
P I IR 93 22 20 7 136 55 ± 6,4 
so II IR 90 25 19 8 136 55 + 6.4 
fz XIII IR 83 32 21 6 136 42 + 64 
V X ZR 81 32 22 4 133 41 ± 6.4 
ru XII ZR 87 33 23 7 150 37 ± 6,2 
je XII lIt 89 30 23 2 144 40 ± 6.3 
f XIV LIt 87 2919 7 142 50+6,3 
00 I lIt 91 2921 3 144 46±6,3 
WV LII BR 26 29 15 18 88 50 + 5,3 
BR 63 47 47 38 195 52 ± 3.6 
Le it or a a mutant gene 
B 	= backcrosa 
I M interarose 
It 	M repulsion 
treated as dominant 
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PART II. $XELhITAL DYELO?MENT 
INTRODUCTION 
The study of the development of mu.ant aloe is being done, 
with the aim that the abnormal might throw light on the true path 
of development of the normal, and that these inherited abnormalities 
might lead to a clearer understanding of similar inherited 
Man, 
abnormalities in other species especially/-  and thus contribute to 
our knowledge of the general role of genes in development. 
In this work the guiding principle has been that of the unity 
of gene action as expressed by Grftneberg (1943) in which he 
considers that the gene has primarily one action, and that however 
varied the and result might appear to be in the course of 
retrogressive na1ysea these should ultimately be traceable to 
one cause, 
In tracing back the anomalies of the de skeleton, they have 
been shown to originate in the early rsesenohymal condensations of 
the cartilage bones. It will therefore be necessary to give a 
general account of bone development as far as it is known to—day. 
The axial aesenohymal condensations represent the earliest 
stage from which the development of the skeleton can be traced. 
In some cases luch as parts of the skull, the lower jaw, and the 
clavicle, the mesoderm becomes fibrous, and the bones are formed 
In the fibrous membrane, these are termed membrane boneø. In 
others the mesenohyse is replaced by cartilage, and are termed 
cartilage bones. 
The cartilage develops within the mesenohymal concienaationa, 
the ability to otiondrify being an intrinsic property (turray, 1936). 
Prior to calcification the cartilage cells proliferate and become 
closely packed in column a 1 then there is swelling and vacuolisation 
of the cytoplasm while the cartilage matrix becomes reduced to 
thin bars (Cunningham, 1933), This condition is known as byper-
trophic cartilage (McLean & Bloom, 1940) and is associated with 
elaboration of pkoaphataee and the storage of glycogen (Fell & 
Robinson, 1933), This is an essential step prior to calcification. 
Calcareous material is laid down in the intracellular matrix, 
thus forming walls around the cartilage cells, which become 
imprisoned; out off from their source of nutrient, they die 
leaving practically empty spaces (Cunningham, 1933). 
While this process has been going on in the centre of the 
cartilaginous model, similar changes have been taking place on the 
outside underneath the perictiondrium which in a wasoular sheath 
around the cartilage and also formed from the condensed 
aesenchyme. The deeper layer of cells of the periehondrium form 
a clear substance around themselves and fibres are laid down in 
the clear regions. Bone in produced by a deposition of has 
salts between the cells and fibres and within the fibres. The 
calcified carrilage is thus encased by bone formed by the pen-
chondnium, which is now termed the periosteum. Vascular 
aesenchyae penetrates through the periosteum and subperiosteal 
bone, by the action of osteoclasta, which make large passages for 
the blood vessels, and also consume large portions of the calcified 
cartilage, thus enlarging the spaces, which become filled by the 
blood vessels and aeeenchyae; the primary bone marrow, The 
mesoucAywe contains both osteoclasts and oateoblaets. It is the 
osteoblaste which now form layers of bone around the remaining 
cartilage matrix and continue to increase the thickness of some 
of the bony trabecui.ae, while others are being resorbed by the 
oateoclasts 4 This helps to increase the strength of the bone, 
by building up fewer stronger trabecu]ae, which become heavily 
impregnated with calcium salts 	The interstices are filled at 
first by primary bone marrow 5 and later by baewopoetic bone 
marrow (W.&u, Bloom, 1910). While this process is taking place 
the hypertropbio cartilage develops progressively further along the 
length of the shaft, and is closely followed by calcification and 
resorption of the matrix, In rapidly growing bone the process of 
calcification may scarcely and at times incompletely precede that 
of resorption. 
The haversian systems of compact bone are formed within the 
large spaces created by the osteociwats, within the subperiosteal 
bone, by means of the osteoblaste, multiplying and arranging 
themselves rod the inside wall of the space, and aroducing 
layer after layer of cells, around the apace forming a series of 
concentric tubea 5 the innermost one containing the haveraian canai 
Bose bone forming cells get left between the haverstan systems, 
and form corpuscles in the lacunae. A few original layers of 
subperiosteal bone survive and form interstitial lawellae 
(Cunningham, 19:33). 
In the epiphyses the process is sligitly different 5 First 
the cartilage is invaded by cords of vascular nesenchyme, which 
penetrate to the centre 5 then it is from this point that the 
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cartilage begins to calcify. This process works gradually out-
wards, so that the primary ossification takes place at the centre 
and develops until there is only a thin rim of cartilage cells at 
the articular surface and along the epiphyseal plate, the latter 
only being resoved at completion of growth. 
Although ossification takes place within the cartilaginous 
skeleton the final form of the bone is not necessarily an exact 
copy of the cartilaginous precursor (Murray, 1936) and membrane 
bones which have no cartilaginous precursors (De seer, 1947) 
acquire a form and internal structure in direct subordination to 
mechanical environmental factors (Murray, 1936). A study of bone 
growth by the use of two mutants 'grey-lethal', and 'inicrophthalmic' 
has been done by, N. Bateman (1954). His description of all the 
bones of the skeleton, and their change in form, with age, has 
greatly assisted this work. The skeletal anomalies of droopy-ear 
fall into the group of inherited diseases collectively called 
ckiondrodyatrophio, a term which implies the malformation of 
'cartilage, Droopy-ear also bears some skeletal resemblances to 
four other mutant mice: - congenital hydrocephalus, Danforth' a 
short tail, undulated and tailkinka, in which there is a delay of 
cartilage formation; these will be considered in the discussion, 
some features of chondrodystrophy, as instanced in other species 
namely, fowls, rabbits, cattle, and man, will now be mentioned 
here to the extent that they are relevant to the condition in 
droopy-eared mice.  
The Creeper and Cornish Fowls are the beet known examples of 
their species. Both are homozygous lethals. In the Creeper 
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fowl, the kiomozygotee either die at the third or fourth day of 
incubation, or at the end of inclLbation. Those that the early 
are extremely retarded, especially anteriorly (L.andaur, 1932). 
Those that the at the later stage have very stunted limbs, this 
is especially marked in the legs. in general the cartilage bones 
are more severely affected than the membrane bones, Thus in the 
head s the aboral sphenoid, and the basioccipital are considerably 
retarded in their hietological differentiation, while the frontal 
and parietal are only slightly retarded by comparison with the 
normal. 
In the pectoral girdle there is a greater retardation of the 
scapula and coracoid, as compared with the clavicle, The 
histological examination of the long bones revealed that there is 
no formation of cartilaginous zones at the epiphyseal ends of the 
bones, and in the shaft there is no regular arrangement of 
columns of cartilage cells, The number of oateoblate is less  
than that in the normal embryos, and the long bones show no traces 
of calcification of periostea.l ossification (Landsur, 1933), 
These anomalies are expressed ieee severely in the heterozygote, 
and as it survives to maturity, a number of new anomalies appear. 
Although ondochondral ossification in the long bones begins at the 
normal tins, development does not progress very far, the bones 
entirely lacking the fine lamellae, and the trabeculae are few, 
and thin, and even in the adults, marrow cells are still to be 
found. Ossification is also deficient in the centre of the 
cervical vertebra; and the baaioceipital shows abnormal 
cartilaginous differentiation (Landaur, 1931). The Cornish fowl 
is similar n in its manifestation to the Creeper foul, its expression 
lying between that of the hoaozygoua and heterozygous Creeper 
(Landaur, 1939). 
In rabbits chondrodystrophy has been described by L. Pearce 
and I.. U. Brown (1945), and by H. Nachtahetm (1950) in a study of 
the Petger-utant 	In the case described by i'earc€ anf,  brown, 
all the endochondral cartilage shows abnormal differentiation, and 
deficiency of ossification. At birth the blood was found to 
contain reduced numbers of red blood corpuscles, white blood 
corpuscles and platelets; also the haemoglobin percentage and 
the haeaatocrit readings were 1ow. Many parts of the body were 
examined and the spleen, liver, thyroid and pituitary were all 
found to be abnormal. 
In the Pelger-autant, the hozosygote has extremely short 
limb bones t and in most cases the ribs are also affscted. 
Histology revealed hyperplania of the diaphysee of these bones, 
The leucocytes of both the hoaosygote and heterosygote were 
affected by an arrest in the segmentation of the nucleus,  
In sheep the beat known exaaple of chondrodystrophy is that 
of the Mean sheep, a mutant which is inherited as a recessive 
character, In a Study of the skeleton Chang (1949) found that the 
long bones were shorted, thicker,and all spines and crests were 
more pronounced, Internal examination revealed the bones to be 
hypoplastic. The skull showed abnormalities especially in the 
region of the occipitals, the foramen magnum beconink, reduced in 
size. Extra oo1fication centres were found in the basiocoipital 
in the region of its junction with the sphenoid. 
In Dexter cattle the"Bull-dog" calf has been known for some 
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time but very little work has been done on it. The homozygous 
calves generally die during the fourth month of pregnancy, while 
the heterosygotes survive, and are short legged and Bull-dog' 
faced, There are also two other achondropi.astic conditions known 
in cattle, one & more extreme expression of the texter, due to a 
recessive gene. These die shortly after birth (Brandt, 1941). 
The other was found while inbreeding Jersey cattle; it is extremely 
variable in its expression, and may be lethal (Gregory, Mead & 
Regan, 1942). 
In man, criondrodystrophic babies show marked shortening of 
all the limb bones, and the total length of the vertebral column 
is slightly reduced, The skull is hydrocephalic, and the bridge 
of the nose sunk. On internal examination the growth of the 
centra of the vertebrae are found to be very much retarded, 
especially in the neck and eacra]. regions. The basioccipital is 
frequently at a more inclined angle, and may become prematurely 
fused to the basi-sphenoid and the occipital oondy'les, thus causing 
the whole of this region to be displaced ventrally. This 
together with varied abnormalities of the occipital condyles all 
result in the foramen magnum becoming reduced in size (Treasury 
of Human Inheritance, 1912), The limb bones have enlarged 
epiphyses but very such shortened diaphyses (Knotke, 1929), The 
structure of chondrodystrophic bones in described by Harris and 
Ituaso]1(1933) who found that there were closely packed transverse 
trabeculLte and very few longitudinal trabeculae. In the 
epiphyses there was mucoid degeneration of the cartilaginous matrix, 
causing the epiphyses to lose their normal form, 
In this a review of chondrodytropkiic disease, it is seen that 
there in a varied manifestation even within a species. It is to 
be expected therefore that while droopy—ear may have several 
features in common with the previously known cases, it might also 
reveal some phenomena of novel interest, 
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THL AD'JI4T WtrgOLOGY  
A complete examination of the droopy-ear skeleton was made 
and compared with that of the normal mouse. The skeleton was 
found to be generally affected, while the posterior region of the 
skull, the neck5 and the shoulder girdle showed more specific 
abnormalities. 
AATRlAL AND METHOD 
Skeletons of contemporary full sib pairs of mice from U days 
to 7 months old were prepared in one of three ways; either by 
papain digestion, (Luther, 1949) or by boiling and then cleaning 
off the flesh with forceps, or by partial papal-n digestion, 
followed by careful cleaning with forceps, in order to keep the 
epiphyses in position. in all, over seventy skeletons were 
obtained. 
The description is based on ten pairs of 6 week old mice, and 
the drawings as far as possible are of the most characteristic 
bone of the group. These drawings were made with the aid of the 
camera lucida at a magnification of x U, these have been 
reduced for reproduction. The Anglicised names (Greene, 1935) 
have been used wherever possible, and others have been adopted 
from Bateman (1954). The parts labelled are those which are 
mentioned in the script, and the labelling is only done on the 
normal except where the equivalent part on the droopy-eared bone 
is not clear. The names in inverted commas are my own for the 
purpose of making the description easier. Definition has been 
used to describe some bones, so that poor definition means lack 
of sharp angles or clean smooth curves. 
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JiE$(kU.PTIO1 OF DRO3?1-E&R 
The §kUU (Fig, 1) 
The most general abnormality of the droopy-ear skull is a 
transient immaturity that manifesto itself as alight hydrocephaly, 
which is still clear at six weeks, but completely undieoernible in 
mice of 3-7 months old. 
The nasal, vomer and premaxilla show the closest approximation 
to the normal, while the rest of the skull is short and broad, In 
the posterior region there is a displacement of bones, the supra-
occipital is vertical, the height of the foramen magnia is small, 
and the ear vesicles are drawn centrally and thus point ventrad, 
This Is best seen in the drawing of the alizarin preparation of a 
3-week old skull (Fig.37). 
The more specific abnore,.-1itie of the indii 	I prta of 
the skull are as follows:- 
Tk 8quamosum (Fig s 1). 
The glenoli end caudal processes are fused into cue heavy 
mass of bone. 
The 3jat-o121t.al (Fig s 2). 
The form of this bone varies especially at the occipital 
border, ehich is generally asymmetrical, and a Oprocesal is often 
present on the anterior cranial surface, Posteriorly there is 
such pitting indicative of abnormal osteoclastia activity. 
Fusion to the lateral occirital has not occurred, and so, to 
Sake the drawings of the norma.l and droopy-ear comparable, both 
were drawn at four weeks, before fusion normally takes place, 
The Awittorr Ca 2sjQ2. (Figs, 3a and 3b). 
The auditory capsule in composed of the periotic and tympanic 
+ 	 F,'tird 




















Fig. 2. Basiocciçital (4 weeks old). Cranial surface, 
(The arrow here and in all other figs, indicates the 
anterior end), 








process 	 Tegien 






di 	 process 
Iftm 
Pig, 3a, R. Auditory capsule. Diagram to iUustrate the non-
bony tegion down the dor3alateral side of the middle 
ear in de, 
3b. R. Periotic bone, Lateral aspect, 
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bones, and contains the ear ossicles. These were examined and 
found to be normal, except for a few rare cases where the bones 
were twisted, and carried anall bony excrescences. 
The periotic bone (Fig. 3b) is rugged, the tegman tympani is 
entirely missing, and the styloaaatoid process in small and mal-
forued. As a result the periotic and tympanic bones are held 
together very precariously, and the middle ear drum has a non-
bon - region all the way down the dorso-lateral side (Fig, 3a), 
It in to be expected that such a condition might effect hearing 
ability of the mice. York was done on defaces and an account of 
It will be found in the appendix, 
The Sphenoids (Figs, 4 and 5). 
The eborel and orel bones are both reduced in length and 
rather heavy in structure. They also show irregular pitting, 
similar to that seen on the basi-occipital, 
The Ltbmoid 
The ethmoidal laminae are heavy and foreshortened, but the 
cranial aspect is quite normal, 
The LaXilA. 
ais in wide, iaainly as a result of the increased angle 
between the zygomatic process and the central part of the bone. 
The bone itself is slightly wide r and the articulation øurface 
with the frontal is displaced laterally; this is beet understood 
by reference to the frontals, 
The Yonta]. (Fig, 6) 
These are very wide, especially anteriorly, causing the 
articular surfaces for the maxilla. to be set wider apart, and the 
de 





Fig, 5, Oral sphenoid. Cranial surface, The Aboral and Cral 
sphenoide were chosen from the same mouse, in order to 
show the total reduction in length of the sphenoid 
region, 
/ 





ethnoidal crests do not meet in the aid line. 
The frontals are a further example of abnormal fusion tiaea. 
Normal fusion occurs at four weeks # but in droopy-ear if fusion 
has occurred at six weeks it is still incomplete (Fig. 6), 
The Parietal 
This bone shows again the general characteristic of being 
short and broad. Typical proportions area- 
Normal; ratio of width a length 1435 
Droopy-ear; ratio of width a length 1,24, 
The Interparieial 
This bone is extremely wide antero-posteriorly, and will be 
discuaed again later, 
The M.ancible (Fig, 7) 
The head of the mandible is displaced on the condyloid 
process, The angular process is short, and the aaahteric ridge 
poorly defined 
The general characteristic is that the vertebrae are thin 
antero-posteriorly. The centre is short .specially in the 
cervical and lumbar regions. 
The first two vertebrae show more specific reciprocal 
abnormalities, so they will be considered together, 
The Atlas and Epistroøhes (Figs, 8 and 9). 
These bones are heavy and mutilated, and the dens has 
returned to its phylogenetic position, as the centrum of the 
atlai. In one case the atlas was found to be fused to the 
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Figs 8. Atlas. :da1 aspect, 
Soinal 
I 
Fig. 9. Epiøtropkeus (Axis). Cranial aspect. The atlas and 
epistroheus were chosen from the same mouse, to show 
their relationship to each others 
+ _,J. 
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Fig, 10, Atlas and occipital region. Ventro—lateral aspect, 
de The atlas was completely fused to the occipital 
region, 
+ The atlas was placed in a typical position, for 
the purpose of making a comparison for the de bone. 
he Ribs and 8t,ernum 
Theee show no striking abnormalities, but typical of so such 
of the droopy-ear skeleton, they show poor definition. 
Specific abnormalities are found in the clavicle, and 
scapula, and the acromion is greatly reduced. More general 
differences are found in the fore-limb, 
The Clavicle (Fig, 11) 
The shaft of the clavicle in short, but in the region of the 
acromial extremity it is extended to fore an extra' acroiniel 
extremity, apparently compensating for the reduction of the 
acromion, 
The Scaoula (Figs. 12a and 12b) 
The scapula is small, and the acroraion very short and 
maLformed, In the mice examined seventy per cent had a hole in 
the posterior part of either or both of their scapulae. This 
hole was of varying sizes but it never broke the posterior border 
of the scapula. The angle of the glenoid cavity sea found to 
vary through 900, to that in some cases the clavicle played a 
large part in the articulation of the humerus, while in the other 
extreme when the gLenoid cavity was ventrad, (Fig, 12b), it was 
liable to provide the only articulating surface for the humerus,  
These major skeletal changes might well be expected to be 
accompanied by changes in musculature. The musculature of the 
neck and shoulder girdle was examined, and the following changes 



























Fig s 12b. L. Scapula. Inferior aspect,  
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superficial muscles of the back. The aoroiaiotrapesius arises 
from the spines of the cervical and first four thoracic vertebrae, 
converges laterally and inserts on the base of the acromion, and 
the spine of the scapula, The epinotrapezius arises from the 
spines of the fourth thoracic to the third lumbar vertebra, and 
Inserts on the proriPkl third of the scapula spine (Greene, 1935). 
In droopy-ear both these muscles are very weak and small, they 
arise normally, but there is scarcely any insertion on to the 
aoromion or scapula, presumably because the bone is so reduced in 
this region, so the muscles can have very little to pull on. 
Many of the fibres of the two muscles seem to become interlocking 
In the region of the scapula. The chief effect of this is to 
cause the mice to be round øhouldered. 
The deeper muscles of the neck, shoulder, and fore-arm, were 
also examined, the only differences found were with the acroato-
deltoideus which arises from the clavicle and acromion, and had a 
greater proportion of it coming from the clavicle; and the 
levator claviculae, which was inserted more centrally on the 
clavicle, 
The Humerus (Fig. 13) 
The bone in iemature and the shaft slightly curved, The 
ends of the bone are heavy and the proximal epiphyses deformed, 
Zie Radius and Ulna (Fig. 24) 
These bones are twisted over each other, so that the 
articulation surface for the humerus is out of alignment. The 
nicranon process, and the oleranon are poorly developed, 
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Fig, 13, R. fiamer.4s. Posterior aspect, 




Fig. 14, Ft, Radius and ulna. Droaal aspect, Theae bones are 
not fused, but were kept in their natural positions, 
to show the relationship of one to another. 
untidy. There is slight reduction of the aetacarDlea, and 
phalanges, but in the latter it is even lees marked. 
The Pelvic Girdle and Hind-Limb 
The Pelvic Girdle 
The ilium, ischiva and pubis are poorly defined. The 
ilium is not fused to the isahium and pubis until eight weeks or 
laterj normally this faion in complete at six weeks (Gx4neberg, 
private communication). 
The dind-U*b 
This echo many of th 	norma1itie2 seen in the fore-limb.  
The Femur (Figs. 15a and 15b) 
This bone has immature proportions, in being short and thick 
The trochanter tertius in very poorly developed, 
The Tibtg-fibu].a (Fig, 16) 
Like the radius and ulna, the tibia and fibula are slightly 
twisted. The intraosseoua groove is very shallo'. 
The Fot 
Here again there is loose articulation of the ankle, due to 
the poor definition of the tarsal bones. The chief region of 
foreshortening is in the metatarsals, 
WWARY AND LIAC  
The adult morphology reveals that the general characteristic 
of droopy-ear is immaturity and loss of definition, accompanied 
by some peculiar fusion times. More specific abnormalities, 
occurring in the occipital region, the neck, and the pectoral 
girdles 










Fig. 15b,  R. Femur. Dorsal aspect. AU the epiphyses have 
been removed to show the flattened diatal epiphyseal 
plate in de, 
+ 	 de 
Fig. 16 	L Tibio-fibula. Lators]. view.  
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The cartilage bones have been shown to be generally shorter, 
while some membrane bones are increased in size s as in the inter-
parietal, the squaaoaum, and the clavicle. In order to test if 
this increase in sine was absolute, the width of the interparietal, 
antero-poeteriorly, and the length of the sphenoids were measured 
and expressed as percentages of lower Jaw length, The results 
are shown in Table 4. In both cases the proportions of the normal 
and droopy-eared bones are significantly different, an F value of 
27,75 being obtained for the sphenoide and F = 33.8 for the 
interperie tal, 
So in droopy-ear the sphenoida are disproportionally reduced, 
the bsi-occipital is crawn anteriorly, the supra occipital 
become vertical s and the interparietal enlarges in the peculiarly 
convenient manner of membrane bones (Murray, 1936) to fill the 
gap which is left. The enlargement of the equaaosua is not so 
easily explained since it has occurred at birth (Fig, 35) before 
one is avare that there was any gap to be filled unless this is 
linked with the absence of the tegmen tympani. A similar 
property in the clavicle might account for it compensating for 
the loss of the tip of the acroaion 
Table 4 
Nora.1 	 Droopy—ear 
Bone length 	 bone length 
Sphenoids Intorp: Lower Jaw % Sphenoid % interp; 	Sphenoids Interp: Lower ja 	Sphenoida % Interp: 
14 10 27 51.9 37.1 12 11 27 44,5 40,8 
13 8 26 50,0 30 0 8 11 12 26 42,3 46.2 
14 9 26 53,9 34.2 13 12 27 48,2 44.5 
14 9 26 53.9 34,2 12 11 25 48,0 44,1 
16 9 29 55,3 31.0 12 10 26 48.,0 40,0 
16 10 31 51,7 32.3 12 10 27 44,5 37.1 
17 9 30 56,5 30,0 12 10 26 46.2 38.2 
15 10 31 4S4 _ 13 10 26 50.0 38,4 
421.7 26L9 13 U 28 46,6 39.4 
13 12 29 44.9 41,5 
14 12 30 46,7 40,0 
15 12 .30 50,0 40.0 
14 U 28 50,0 39.4 
13 ii 30 43.4 36..7 
533 
Me!n 57 	327 
	
Mean 4G.6 	45_0 
Sneuoide 	52,7, 46.69 iific.ent difference, F = 27,75 
Interparie&. 32,7, 45,0, at8nificant difference, F = 33,8 
* 
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LL.VRLLT OF CAktTIL&UE 
The development of the cartilage was studied by means of 
metny1ee blue traneparances, and sectioned material. The 
development was traced back to the 11-day old embryo, but droopy-
ear could only be classified with certainty at 12 days, 
4Thh.LAL AND METhODa 
Embryos were aged according to the rescripton and classifica-
tion made by (rneberg (1943a). Some embryos from the age of U. 
to 16 days were fixed in Boning, sectioned at 5 and 1UFxand 
stained by a modification of Mallory. Others from 13-17 days 
were prepared as methylene blue transparances *2ix*$4 
(rIneberg, l93). 
For the preliminary investigations, kwmosyous normal, and 
homozygous droopy-ear matings provided the embryos, so that the 
differences could be studied without the need for classification.  
The comparative description is based on the study of contemporary 
full sibs obtained from heterozygous matings. 
The drawings of cleared preparations were made with the aid 
of camera lucida, but these were not always as accurate as could 
be desired owing to the vague forma, and the depth of focus 
required. So the drawings should be considered as diagrams 
showing the areas of cartilage formation. The shading iu to 
indicate the intensity of the stain, and should only be compared 
within ages # since each age having been stained at a different 
time, the degree of staining may not be comparable one with 
another, As with the drawings of the adult eteleton, the 
labelling has been done on the normal, and only on the droopy-ear 
-26- 
when the corresponding region is not evident. The labelling in 
inverted commas is to indicate that the cartilage has been named 
according to the bone which is to form in that area. 
When the diagram of the chondrocranium of a 15-day old embryo 
had been completed, it was noticed that the anterior region was not 
in accordance with that drawn by (.rneberg (1953) in which there 
was a cartilaginous projection labelled Oplanum arttorbitale". 
This region had been interpreted not as a projection, but as a 
folded sheet of cartilage seen in a foreshortened view, which when 
seen from other angles was a thin sheet rising to a crest, and 
then falling away to lie along the floor of the nasal region. 
Serial transverse sections confirmed the present interpretation. 
A perspective drawing of this region, built up from the serial 
sections, was done (Fig. 26b), This shows the cartilage from the 
anterior region (105p) of the eye to the tip of the nose as 
continuous 1 and oee not account for a finger-like projection 
similar to the planum antorbitaie 
Serial reconstructions were also found very helpful in 
interpreting other obscurities in the occipital region. 
DESCRIPTION 
1) Occiput, Atlas and EpIstropheus 
1]. dy5 
In the droopy-ear, niesenchyma]. condensations, do appear to be 
composed of cells of irregular shape but the difference is not 
enough to be diagnostic, 
3.2 day 

























Fig. 17, 12 day embryo. id—sagitta1 section of bai—cranial 
cartilage and upper cervical vertebrae, x 90, 
+ 	 do 
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Fig. 18. The posterior region of the ba8iOccipital seen above 
I 26. 
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was used as a marker, and only those sections which included in 
the notochord in the anterior region of the vertebral column were 
used for comparisons. 
In the normal the posterior region of the basioccipital was 
rounded, and the cells arranged in a regular manner. In droopy-
ear, the basioccipital was thin, and the posterior border flattened 
and extended ventrally (Fig. 17). The alignment of the cells was 
irregular and their density greater (Fig. 18). 
23 days 
The conditions described above are now more exaggerated 
(Fig. 19), in addition the droopy-eared sections appear to stain 
less readily with aniline blue. It may just be a result of the 
greater cell density, since it is the intracellular matrix which 
takes up the aniline blue. It has not been possible to test for 
chemical differences. 
In order to draw the chondrocranium, and cervical region in 
the methylene blue transparence., the specimens had to be decapit-
ated. In droopy-ear this necessitated breaking a cartilaginous 
connection between these two regions. The chondrocranium and 
cervical region in Figs. 20 and 21 are from the same embryo, and it 
would appear that the two cartilaginous lumps anterior to the atlas 
have been torn from the spase between the lateral occipital.. 
These two lumps might be representative of the dens. Great 
variation has been found in this area s in some cases the dens was 
incorporated in the atlas. The atlas and epistropheus are far 
apart, and the cartilages of these, and the next three cervical 
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Fig. 19. 13 day esbryo. Mid-eagittal section of basi-craxiial 
cartilage, and upper cervical vertebrae. x 90. 
13y'2days 
+ 
• 	-Nasz1 septum 
Mandible 
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- occipital " 
Lateral occipital 
Figs 2U 	 view of chonrocranivai 1 
13 days 
de + 	 • 
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Fig. 21. Ventral view of upper cervical vertebrae 
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34 daye 
The difficulty of decapitation is now explained by the 
sectioned material, which shown the peculiar displaceuzents, and 
abnormal attachments of this part (Fig. 22), and it in further 
illustrated by Fig, 27 of a 15-day old embryo, 
It is normal at this stage for the anterior arc of the atlas 
to be fused to the dens episroph. But in droopy-ear the dens is 
split, and the anterior part may be fused to the basioccipital. 
Theis connections do not usually ossify, as generally the only 
abnormality found in this region in the adult is that the dens is 
fused to the atlas, but in one case the whole of this region was 
found fused together (Fig, 10), 
The difference in cell structure of the bastoccipital in 
normal and droopy-ear is shown in Fig, 23, where the calls are lees 
clearly defined, and the cell density greater, only the central 
regions are comparable, as the cells typical of the peripheral 
region are seen round the sides of the droopy-ear photograph. 
In the methylene blue preparations, the basioccipital showed 
no signs of an ossification centre, as is normal at this stage 
(Grneb.rg, 1953), In Fig s 24 the relative positions of the atlas 
and epiatropheus are abnormal and the dens is incorporated in the 
atlas. 
15 days 
Normally the ossification of the posterior region of the beat-
occipital is now quite far advanced, and the anterior are of the 
atlas is no longer fused to the dens epietrophei. But in droopy-
ear, both the seoUonec material (Fig. 25), and the *ethylene blue 
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Fig, 22 	14 day eebryo. Mid-eagittal section of baai-cranial 
cartilage and upper cervical vertebrae, x 90, 
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Fig, i. 'I&xztral view of upper cervical. vertebrae, 
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Fig. 25a  and b 	15 day eabryoa. To examples of mid-aagittal 
sections of the baai-oranial, and upper 
cervical region, in de and their normal full 
sibs. x 90. 
15 days 
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Figs 26a 	Dorsal view of ciLon'irocraniun. 
Figs 26b. 15 day embryo cartilaginous fora of the skull 






Fig, 27, Outline drainga, at intervals of 90of id-sagittal 
sections of the basi-cranial and upper cervical region. 
Showing the splitting of the 'dens' in de 
15 days 
t 	 dc 	- 
AzMs 
(r - ( 
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Figs 28, Ventral view of upper cervical region. 
preparations (Fig. 26) show that the ossification of the basi-
occtpiial is retarded. In the chondrocranium the sphenoid region 
has stained differently. The anterior are of the atlas still has 
a tenuous connection with the dens epiatrophei(Fig. 25), and may 
also be connected to the basi-occipital. The dens is often split 
and the anterior part fused to the batocoipital 	Camera lucida 
drawings of the outlines of the cartilages in this area illustrate 
this point (Fig. 27). If further outlines had been done, the 
anterior portion of the dens would have been incorporated into the 
baaioccipitsl, and the posterior portion fused viitn the anterior 
are of the atlas. 
)6 dma 
In droopy-ear the sectioned material shows a ouble thickening 
of the notochord in the dons. This is nor mally reduced to a thin 
line by this stage (Fig. 29). 
Ossification of the basioccipital is still retarded, and there 
is a cartilaginous region around the posterior border s which may 
make a connection with the done, or anterior are of the atlas.  
Again the doule thickening of the notochord was found in the 
dens. In Fig. 30 the atlas with the dens incorporated in it, is 
staining deeply, in the normal, both these regions are losing their 
staining ability. An intravertebra], disc in present between the 
atlas and epiatropheus, showing has droopy-ear has reverted 
entirely to the phylogenetic condition, 
2) Scatiula and Fore-limb 
In order to facilitate orientation a scapula and fore-limb 
aa dissected out from the embryo prior to embedding. The 
- 	 %... 	 • 
•t;! 	 • 	-c.- 1! 
- 
4 








+ 	 de 
Fig. 29, 16 day .bryo. Mid-eagittal section of the basi-cranial 
and uper cervical region, shoidng the thickening of 






Fig. 30. Ventral vie, of upper cervical region, 
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scapula was sectioned parallel to its longest axis, and the 
cervical region of the sane eebryo was also sectioned as a check 
on classification. The scapula has no natural marker, such as the 
notochord in the cervical region, so comparisons were made of the 
regions at the base of the acronion, and the 'neck' region prior 
to the enlargement for the articulation with the humerus, 
12 4ays 
The aeecnchyssl oonenation of the scapula i! now recognisable, 
but in droopy-ear it never reaches the ease e*ieua thickness as 
the normal, 
3 ayg 
Chondrification has now started but the scapula in droopy-ear 
is tnin, and the hole, if present, is an area in the scapula 
entirely, lacking any aesenohyaal condensation, or cartilage cells 
(Fib, 31). 
In the wthylene blue preparations (Fig. 32) it can be seen 
that the scapula and fore-liab is sgall, the scapula is abnormal 
in its shape and staining property, and the acroajon, if present, 
has not stained at all, 
4dais 
The sectioned material (Fig, 33) shows very clearly what has 
already been described, the thinness of the droopy-ear scapula. 
The irregularity of cell alignment,, found in the basioccipital, is  
seen again here also the cell sire and shape is abnormal (Fig, 34), 
In the sethylene blue preparations the scapula illustrated has 
no hole, and the acroaion is still unstained. The humerus dose 
not have an unstained region in the centre of the ±iaphyee, 
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Fig. 31. 13 day embryo. Longitudival section of E4cu1a in the 













Fig. 32, Development of the embryonic scapula and arm, 
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fig. 33, 	14 ay earyo, LongitwiaaJ. Section of scapula in the 
region of the base of the acromion, z 90, 
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Fig. 34, 	Base of ttio acro1iion, seen above, x 265, 
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indicative of an ossification centre, as is present in the normal. 
15 daa 
The sectioned material records no new development. In the 
methylene blue preparations, the acromion now stains very dandy, 
while that in the normal is losing this staining ability as the 
cartilage hypertrophiee. The ossification of the fore-limb is 
still retarded. 
16 days 
The scapula is slightly retarded in its ossification and the 
acroiaion remains cartilaginous. In the fore-limb, ossification 
is proceeding normally, but the radius and ulna are twisted 
17 dayp 
The acromion is still very email and malformed, but it In 
beginning to lose its staining ability, so the cartilage is 
hypertrophing. 
The head of the humerus is displaced with respect to the 
scapula, and the articulation is abnormal the shape of the head 
of the humerus is irregular, at times a slight groove is formed 5 
for articulation with the scapula, and the articulation at the 
elbow is not compact, due to twist of the radius and ulna.  
3) The Pelvic Girdle and iind-U.mb 
No abnormalities are seen in the pelvic girdle, but the 
condition in the hind-limb to very similar to that in the fore-
limb. The whole rudiment is small, and ossification is 
retarded in the femur5 and tiblo-fibula, at 13 and 14 days, but by 
the 15th day this is less noticeable 5 and at 17 days ossification 
is proceeding norily .  
-32.- 
SUM4ARX 
nile no explanation can yet be given for the localisation of 
the gross skeletal anomalies of the occipital and shoulder 
regions, it is clear that these anomalies have several features 
in common* as if resulting from a common cause s 
Retardation. 
There is a general retardation of approximately one day as 
is illustrated by the delay of ohondrification of the acroaion, 
and the delay in ossification of the basioccipital, the scula, 
fore—limb end hind—limb.  
Histological anomalies, 
The histological picture in the basioceipitel and the scapula 
is very similar, in each case the structures are thin and the 
cells are abnormal in their size, shape and general alignment, 
-33- 
DkNkLIOPMEHT OF BONE 
The development of the osseous skeleton has been studied from 
the 17-day old embryo, to the 3-week old souse, The process of 
ossification in quite gradual, and at birth only partial ossifica-
tion of the skeleton exists. So this section deals with the 
appearances of those abnormalities already described in the adult. 
Mice from the 17th embryonic day, to 3 weeks of age were 
prepared by the alizarin clearance technique (Johnston, 1933) 
and some skeletons of mice 15 days and older were obtained by 
papain digestion. Comparisons were always of contemporary full-
sibs, as has been described before. Pm-natal classification was 
by the abnormalities recorded in the embryonic cartilages, which 
had been reproduced in the osseous skeleton. Post-natal classi-




The alizarin technique which stains ossified tissue red, and 
leaves the remaining tissue transparent, reveals at thin stage that 
partial ossification of the aquamosua has taken place, and that 
the glenoid process is wide, Also the clavicle is elongated and 
the scapula which is displaced laterally, is partially ossified, 
and the hole, if present, is ossified along part of its border, 
the doread border being cartilaginous, The deltoid ridge of the 
humerus is poorly developed, and the radius and ulna are twisted, 
-:34- 
18 d&ya 
The supra and lateral occipitale are already fused in droopy-
ear1 twelve days before their normal time. Normally the centre 
of the cervical vertebrae have now started to ossify, but in 
droopy-ear this is retarded, and the lens shown no sign of any 
oaification at all, 
2) Post-natal 
Four points are worthy of note in the diagram of the alizarin 
preparation of the new-born skull and anterior cervical region 
(Figure 35), Firsts, there is complete fusion of the supra and 
lateral occipital.. Second, the form of the squuoaum is 
indicative of the fusion to occur between the caudal and glenoidal 
processes, Third, there is fusion of the basioccipital and the 
anterior are of the atisab this 18 rare at this age in droopy-eared 
mice 1 and might have resulted in the fusion of the atlas to the 
skull, as was once found in an adult mouse (Fig, 10). Finally, 
the atlas and axle are widely spaced, and reduced in size, also, 
although not illustrated in the diagram the ossification of the 
oentra of the first five vertebrae is retarded. 
The abnormalities which have been described in the pectoral 
girdle, and fore-limb are ahoi,n in Fig. 36, These bones were 
drawn while still attached to the rest of the body, in order to 
show their positions relative to one another.  
3day 
The supra-occipital is becoming vertical, causing the foramen 



















Pig, 36. Lateral view of clavicle, scapula and arm. 
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four days later than normal. The head of the radius is poorly 
defined, and on the ulna the ossification of the oleranon is 
delayed, 
7 days 
The interpariotal is now wide. The dens which should have 
been connected to the axle 5 since the 13th embryonic day, is fused 
to the anterior are of the atlas, In the vertebral column the 
neural arches are found to be late in fusing especially in the 
cervical and thoracic regions. 
U t1ayp 
The tilt of the interparietal and supra-occipital is very 
marked 5 and the auditory capsules point ventrad. There is no sign 
of the tegnen tympani, and the mastoid region is irregulari].y 
formed,  
The epiphyses of the fore-limb are retarded especially the 
trochien of the humerus, 
14 days 
The neural arches of the atlas and axis are still unfused, 
al-days  
The diagram of the posterior region of the skull (Fig, 37) 
shows the ventrad position of the ear vesicles 5 and how this 
involves a narrowing of the baetoccipital. The two ossified lumps 
on the occipital border of the basioccipital illustrate again 
abnormality which occurs in this region. When fusion of the 
neural arches of the atlas and axis has occurred there is frequently 
an asymmetry of the two halves, 
GENERAL RVIEVv 





Fig*  37. Ventral view of posterior region of the skull,  
Showing the 'pleuro-centrwn' at the posterior border 
of the basioccipital in de, 
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tione to the adult form, has now been coaleted. The abnormali-
ties have for the most part been traced from one stage to the next, 
and the discussion of the droopy-ear syndrome as a whole will 
come later. The one feature which has not been traced coherently 
is the varied conditions found both in the cartilaginous and 
osseous skeleton in the region of the occiput, This will now be 
diacuased. 
The trouble can be traced back to the ineaenchymal 
condensations in the 12 day embryo, where the occipital border of 
the baaiocctpital is not rounded but blunt-ended and projects 
ventrally (Fig. 17), At 34 days this projection often forms a 
cartilaginous connection between the basioccipital and the 
anterior are of the atlas (Fig, 22) and the dens in split 
transversely into an anterior and posterior region. The whole 
of this situation is similar to that found in earlier vertebrate 
forms, tie Beer (1937) points out that in mammals the hypocentrum 
of the pro-atlas is lost, and the dens epistrophei is formed by a 
fusion of the pleurocentra of the pro-atlas and atlas, and it is 
both of these which fuse to the centrua of the epietropheus, 
Time in droopy-ear the iiypocentrum of the pro-atlas is not lost 
but is retained in the cartilaginous stage in the position which 
is normal for those members of the Aniniota who retain this 
feature. The dens has divided into its component parts, with 
the centrum of the atlas in the atlas, and the centrum of the pro-
atlas situated at the posterior border of the basioccipital 
(Fig, 37) # a position similar to that found in birds, crocodiles, 
manotremes, and early therapside 	The cause for the variations 
-37- 
found in droopy-ear in that the splits are not always complete, 
and varying amounts of fusion are found, resulting at tines in the 
complete fusion of the atlas to the occiput (Fig. 10). 
The anomaly of the notochord may also be explained by 
reference to those mammods who retain the centrus of the pro-atlas 
at the t*ee of the skull, in which case the centrua is pierced 
by the notochord (do Beer, 1937). 
Thus the anomalies of this region have one factor in cowman, 
in that they are illustrative of earlier vertebrate forms.  
-38- 
DONE iSTRUCTUU 
Ossification takes place within and around the cartilaginous 
akeleton. As the cartilage formation was retarded, and, in the 
case of the bastoccipital and scapula lisorganised s, the internal 
bone structure was investigated to see if any abnormalities 
persisted in the osseous skeleton, 
MLTHOINS 
Histological sections. 
Bones from 0-175-day old mice were fixed in 5% Formaldehyde 
in 0,9% NaC1• , decalcified in several changes of 5% formaldehyde 
in nitric acid (specific gravity 1,4), cleaned in 5% aqueous 
solution of sodium sulphate, and washed in running water, then 
dehydrated in alcohol, cleared in methylbenzoate, embedded in wax, 
and out at 10-13,u. The stain was the same as that used for the 
embryos, a modification of Mallory. 
Bisection of whole bones. 
The bones were bisected, then soaked in 2% KOH, washed in hot 
water, and dehydrated in 'X)% alcohol. 
Prints and swears of bone marrow. 
The prints and smears were fixed in absolute methyl alcohol, 




This was thinner than the normal, but no histological differences 
were found, 
Interparietal 
This was slightly thicker, but less regular in its dimensions 
-39- 
than the normal, Again no histological differences were found. 
The 8capu1 
In the norma15 the scapula and acrosion, are almost completely 
ossified, only the central and lateral borders are still cartilagin-
ous. In droopy-ear the pattern of ossification is similar but 
the ossification is very retarded, 
The Femur and Humerus 
In both cases the depth of the columns of hypertrohio 
cartilage cells at the epiphyseal plate are thinner and less 
organised in droopy-ear. 
7 days 
The Scapula 
Ossification is proceeding normally in the scapula, but the 
acrozeion is still mainly cartilaginous. No histological 
abnormalities were found, 
The Femur and k(Uaeris 
The columns of cells of the epiphyseal plate are still thin 
and slightly disorganised,  
The Scapula 
No differences were found at all, 
fri 	1ItWIJ.L .!i] 
Constant characters of the droopy-eared bones from this stage 
onwards are thin s flat c-ptphyseal plates. The development of the 
trabeculae is retarded, and the ossification of the epiphyie is 
very delayed, as may be seen in the photograph of the bisected 
bones (Fig. 38), 
j o . L3:. 	cCi2:  
L1 t- 
i:j 6 . 	 iieceu fer 	. 
cLe 
21 days 
At this age the baaiocciital interparietal, scapula, femur 
and humerus, were all sectioned, and apart from the femur and 
hier.a which showed the characteristics described above no other 
abnormalities were found. 
The femur and the humerus were sec,oned u to the age of 175 
days, when the epiphyseal plate was breaking down, but nothing new 
was learnt from this material, The use of the bisected bones for 
a study of the eiphyaeal plate s and trbecu1ar pattern, aa more 
27 days 
The trabeculas are still poorly developed, 
In the distal part of the femur, in the normal mouse, the 
trabecu].ar pattern is regular, the predominant directions of the 
trabeculao are vertical, and horizontal with respect to the shaft. 
In droopy-ear the pattern is less regular and there are fewer 
trabeculae (Fig, 39), 
The density of the trabeculae in the normals is now decreasing 
and there is frequently a greater density of trabeoulas in the 
,droopy-eared bones (Fig. 40). 
This decrease in trabecular density continues with age, in 
both normals and droopy-eared bones. By 300 days the trabeculas 
are very spares, but there are still more in the droopy-eared 
bones than in the normals, 
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In all. Just over forty mice were used for the bisection of 
bones so the difference in t rabeoular pattern and the flattened 
epiphyea1 plate, though slight, is probably signilfieant, and 
dependent on the retardation of the earlier stages in Whe skeletal 
development s According to Chang (1949) the shape of the 
epiphyseal plate is closely linke" to trabecular pattern, so the 
flattening of the epiphyseal plate (Fig. lb) is correlated with 
the disorganized trabecu1ae 
rtnts anI smears of bone ngrrow 
On splitting the bones for the work described above it was 
noted that the appearance of the bone marrow was re'ider in the 
noraalø than the droopy-eared aice, This was most marked in the 
bones of 20-50 day old mice, Therefore bone marrow prints and 
smears were made, fixed and •tained. Only seven droopy-eared 
nice, and their normal full sibs were treated in this hay, and 
these covered a range of 7-271 days. The results were complex in 
that the cell trpee and their proortions changed so much from 
one area to another# but there was no striking difference ai any 
age between the normal and droopy-ear. 
POT III 	BLOOD - HE RED CORPUSCLES 
Owing to this apparent difference in the colour of the bone 
marrow in normal and droopy-eared mice during the time when it is 
actively haeopoetic, it was decided to try to see if the effect 
was reflected in the blood by examining the red corpuscles in 
various ways. 
MTROD8 
Red blood counts - by means of a haemocytometer, 
Packed cell volume - by centrifuging in 1enctocrit tubes, 
Blood films, Air dried fixed in absolute methyl alcohol. 
Stained a) Eosin 
b) 1% Potassium ferrocyanide in 1% MCi, a test for 
iron granules (Gi4neberg, 1942). 
Hasmoglobin - comparative estimations by use of a colorimeter, 
hULTS 
1) blood counts were done on forty-four droopy-eared mice, and in 
all but six cases the counts were compared with that of a normal 
full-sib, in the other six cases no full-siba were available, so 
normals of the same age were used, The ages covered were from 
0-180 days old, The results are shown in Table 5. In order to 
picture the situation more clearly, Fig, 41 shows the 
distribution of the blood counts at each age, in each case there 
is an overlap of the two groups, but as is recorded in Table 5 
the mean of the normals is always higher than that of the droopy-
ear, Within each group the number of samples was too low to 
test for a significant difference between the groups of the same 
ages, All the data was taken as a random sample, and submitted to 
Ft. k. Distribution of Red blood counts in normal and droopy-eared mi: 
K e 
Range of normal count 
- It 	" 	 de 	go 
)< Mean of normal count 
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an analysis of variance test, the result is shown in Table 6 9 
where an F value of 13.45 was obtained; this is highly significant, 
showing that droopy-eared mice do have a lower blood count than 
normal. 
Table 5 also  shows that the difference between the normal 
and drooy-eared count reaches a peak around 28-35 days, and from 
42 days onwards tends to drop except for the last age group of 
150-180 days, How much weight can be laid on this is Qoubtful 
but it in of interest to note that the peak of the difference does 
not coincide with the peak of the blood counts, in fact from 40-70 
days droo L y.-ear in appearing to catch up on the normal. 
A second point which is worth mentioning, is in connection with 
body eighte. It was noticed that the droopy-eared mice, wiich 
are lighter at birth also show a proportionally - slower rate of 
increase from 1-3 weeks, but from 5-6 weeks the percentage 
increase in weight is greater than that of the normals, for the 
similar period, (Table 7). It in to be regretted that there is 
so little data on this, but it has been included, merely as a 
point of interest that at the time when the difference between the 
formal and droopy-ear blood counts is diminishing, the droopy-ear 
body weights are apparently improving. So it would seem as if 
by the age of six weeks droopy-ear is being able to overcome some 
deleterious effect s which earlier on had caused it to be retarded, 
Packed cell volume, 
No consistent difference was found between that of the normal 
and droopy-eared mice, 
Blood films, 
Again no differences were found, 
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4) Haemoglobin. 
A comparative study was done by means of a eolorimeter.  
The blood was diluted 1 part in 99 parts of water, and the 
absorption of 4€00-6250 wave lengths was recorded, both the 
normal anc, droopy-eared blood gave similar abiorpon curves, 
which would iw-i icate that their haemoglobins are probably similar. 
The ratio of droopy-ear : normal, haemoglobin content per cell 
was calculated, but the few samples available provided no 
consistent trend, 
It is to be regretted that the blood anomalies have been loft 
in such an uiriectsive state. The only conclusions that can be 
drawn are that the red blood cell count is significantly lower 
than normal at all ages and that the haemoglobin is similar to 
that in the normal. If the colour difference in the bone marrow 
is real9 then this has not been explainer', 
Table 5 
N orea]. Drooy-ear 
Affe 
in days fted cei.J. count in 10,000' s 1earL Red cell count in 10.000' s 'ean Differences 
0 317 409 329 358 353 346 333 286 323 322 31 
7 479 359 337 409 396 469 338 329 364 375 21 
14-17 646 502 528 381 514 528 443 466 395 458 56 
21 692 708 644 630 668 635 565 613 544 584 84 
28 838 831 741 847 814 688 679 773 605 686 128 
35 777 895 777 1024 868 643 811 823 797 768 100 
40-50 1226 937 1059 927 1012 974 997 862 755 947 65 
50-7) 1.376 1054 1071 1077 1144 1136 993 1106 1057 1.073 71 
70-100 875 1049 1109 818 962 781 939 1123 929 943 19 
100-150 877 1033 899 889 924 772 948 975 915 902 22 
10-180 863 816 984 819 80 782 949 639 821 798 72 
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Table  
Degrees of Sums or 
Freedom Squares 
Gene 	 1 115 9058 
Age 10 5,361,386 
Residual 	76 649 9 964 









Age in days 
	
Age in days 
0 	8 	14 	21 	28 35 	42 	0 	8 	14 	21 	28 
	
35 	42 
Wt4l. 	1,50 4.95 7,35 	985 17.20 22,20 22.50 10 10 3.00 4.05 3,95 	5.05 10.05 15.3 
% Inc. 	30 	48 	34 	75 	30 	1 	 172 	35 	-3 	28 	99 	50 
11 ta. 	 1.30 390 	5.50 	730 12,25 1705 20.20 
Inc 	 200 	41 	32 	68 	39 	18 
130 3.90 	5.15 6.10 11,20 1755 21.15 
% Inc. 	- - 	- 	 200 	32 	19 	67 	57 	20 
1.55 5.35 7.05 10.85 15.40 21.45 23.10 1.20 380 4.40 4.10 	6.90 	9.05 13,85 
% Inc. 	245 	52 	53 	42 	39 	7 	 216 	15 	-6 	68 	31 	42 
Yo to. 	1,45 5.20 6.70 11.20 18,60 22.30 24,60 1,25 4.00 	5.35 7,25 12,40 16,05 19.15 
% Inc. 	258 	28 	67 	66 	19 	10 	 220 	34 	35 	71 	28 	25 
ste, 1,55 5.55 730 11.0 19,50 23,60 26.80 
	
259 	33 	60 	66 	21 	14 
Those bracketed and on the same line are litter mates. 
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PART IV. DISCUSSION 
The aim of this discussion is to present the droopy-eared 
syndrome as a coherent whole, to investigate its place amongst the 
other chondrodystrophic disorders, ans to see this syndrome in the 
light of the theories which have arisen from other mouse mutants 
whose me.enchyaa1 condensations are disturbed, 
The most salient feature, of the droopy-eared syndrome as 
seen in the adult and the embryo, will now be aum*arised, and then 
the relationship of one part to another discussed,, 
The study of the adult morphology revealeds- 
1) Ventrad shift of the ear vesicles. 
2) Various anomalies of the cartilage bones. 
The whole skeleton was slightly affected, and the more severely 
affected parts were:- the baeioccipital, atlas, epistropheus, 
scapula, and the complete absence of the tegmen tympani, 
3) Enlargement of membrane bones. 
The interparieta.l, clavicle, and aquamosal bones all showed 
increase in aize or area, 
4) Unusual fusion times, 
Early fusions, The eupra and lateral occipitals fused 
twelve days earlier than normal, 
Late fusions. The basioccipital and lateral occipitals, 
the frontals, the neural arches of the atlas and epistropheus, 
the ilium and the rest of the pelvic girdle, all fused one 
to two weeks later than normal, 
5) Abnormal bone structure. 
The ossification of the epiphyses was greatly retarded, the 
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ebiphyae.l plates were flat, and the trabeculae disorganised. 
At certain ages the bone marrow was pale, 
A lowered red cell count in the blood s 
Slight deafness Case Appendix). 
A doread shift of the line dividing the belly and back hair in 
the presence of at  and A genes, 
In the embryo there vast- 
Delay in ossification, 
Localized areas of abnormal chondrification, 
) Delay in chondrification, 
4) Thin mesenchyma]. condensations. 
These causal connections of these abnormalities will now be 
considered, 80 that droopy-ear might be presented as a coherent 
whole. 
The ventrad tilt of the auditory capsules is dependent upon 
the foreshortening of the sphenoids, which causes the whole of the 
occiput to be shifted ventrally. So the tilt of the auditory 
capsules arises as a direct result of the anomalies of the cartilage 
bones. 
The anomaly of the cartilage bones general to the whole 
skeleton is immaturity of form. The more specific abnormalities 
of the basioccipital, atlas, epistropheus, capu.la, and tegmen 
tympani are clearly forecast in the embryo, and their condition in 
the embryo will be discussed later. One point, wicb concerns the 
ephenoids and the baioccipital, which is not explained by the 
condition in the embryo, is the irregular pittednaas on the cranial 
surface of these bones, this is indicative of abnormal osteoclastic 
activity, The cause of it is not understood, 
The enlargement of the membrane bones has already been shown 
to be entirely dependent on the anomalies of the cartilage bones. 
Because in the event of the retardation of these bones, the 
membrane bones grow larger to fill up the spaces which are left 
(Murray, 1936). 
The abnormal fusion times may also be shown to be closely 
connected with the other abnormalities. Early fusion occurs 
between the supra.— and lateral occipitals, both of these bones 
suffer a veatre.d shift, as a result of the reduction in length of 
the sphenoid bones, It is easy to conceive that this shift 
could involve a slight change in the relative positioning of the 
two bones and cause an abnormal fusion time s A similar change 
in fusion times in the occiput is seen in ohondrodystrophic man 
(P.iscbbieth, 1912). Late fusion times are frequently found (Un, 
S, ch) in connection with retardation and reduction in size of 
ossification centres, as is easily uneratood 	Thus the delay in 
fusions concerning the basioccipital, atlas, and epistropheus is 
explained. The reason for the late fusion of the frontals is 
probably connected with the increased width of the skull in this 
region. The late fusion of the ilium with the isohium and pubis 
has not been accounted for, but closer examination might well 
reveal retardation in this area. 
The anomalies of the bone structure were found to be primarily 
an effect of retardation 	The epiphyses suffer a more marked 
retardation than the dtaphyaes in the early stages, this is very 
characteristic of chondrodystrophic disorders. The flattening of 
the epiphyseal plate, and the less organised trabecular pattern 
are probably related, since it is believed that the trabecular 
pattern is dependent upon the shape of the epiphyseal plate, which 
in turn is determined by genetic factors (Chang, 1949). 
The low red eell count in the blood, and the pale bone marrow, 
are two facts which have not been linked to each other, or as yet 
to the rest of the droopy-ear syndrome s Retardation alone would 
not account for this, as the red cell count fails at any time to 
reach the same peak as the normal, 
The majority of the adult anomalies have now been traced 
either directly or indirectly to the condition in the embryo, 
where there is delay in ossification. This effects many parts, 
namely the basioccipital, atlas, epistropheus, scapula, and all 
the long bones of the limbs. In most cases this has been traced 
back directly to delayed or abnormal chondrification, but in the 
case of the limb rudiments, it has not been poEsible to pick up 
differences in time of the onset of ohoridrificatlon. 
The cartilaginous abnormalities of the basioccipital, atlas, 
and epietropheus have already been discussed in detail, It 
transpired that these abnormalities were illustrative of the 
condition found in earlier vertebrate forms. Thus the chondri-
fioation between the basioccipital and anterior are of the atlas 
is the hocentrua of the pro-atlas, and the dens is split into 
its component parts which are the pleuro-centra of the pro-atlas 
and atlas. Row the droopy-ear gene brings this about is open 
to speculation. 
The basioccipital is also thin, and the cells abnormal 
in their distribution. A very similar situation is found 
in the scapula, which is thin and the cello disarranged. At 




part of the blade s and there is a hole in this position in the 
bone. If chondrificatton failed to take place because of the 
thinness of the sesenchymal condensation, it in probable that the 
tegmea tyiapani, which is normally a thin sheet of bone, failed to 
be formed for a similar reason. 
Thus in the two areas most specifically affected by the 
droopy-ear gene, the anomalies have been traced back to abnormal 
chondrification, and thin mesenchymal condensations. Further 
retrogressive stops met with no success, 
It is of interest to see droopy-ear in relation to other 
mouse mutants, which have delayed chondrification, Undulated (Un) 
is one such mutant in which the cartilage in histologically 
normal, but the acromion fails to chondrify owing to the thinness 
of the taeeenchymal condensations. The atlas and epistropheua 
are abnormal, varying degrees of fusion being found between the 
two bones, The rest of the vertebral column and atexnebrae may 
also be affected (Gr4neberg, 1950). Congenital hydrocephalus 
has also been traced back to the stage of delayed chondrification, 
in this case the effect is more severe and the results are wide-
spread throughout the skeleton ((rexieberg, 1955). In tail kinka, 
the skeletal anomalies are limited to the vertebral column 
(Greneberg, 1955). The syndrome of I)anforth' a short tail is 
attributed to an anomaly of the notoohord, and its skeletal 
abnormalities as far as is known are limited to the atlas and the 
epiatropheus, where the dens epietrophei is reduced, and the atlas 
has a single horse-shc shape' articulation surface ((i4neberg, 
193), Poatiaxial 1imiatlja is a mutant which is still under 
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investigation, but it is known that it also has holes in its 
scapulae, these holes may at times break the posterior border of 
the bone (Carter, private coauiunication) • In each of these cases, 
although the mutants may have one or two similar areas affected, 
the form of the abnormality is different, and the other features 
of the syndromes are most diverse. 
A closer comparison is provided by comparing the droopy-ear 
anomalies with those of some chondrodystrophic disorders as 
illustrated by Creeper fowl, Ancon sheep, and chondrodystrophio Man, 
In all four disorders one of the areas of marked abnormality 
is the occiput. There is abnormal differentiation and retarded 
growth of the tasioceipital, and the sphenoid bones are also 
retarded. Various anomalies of the condyiee, and fusion tines of 
occipital bones result in the foremen magnum being ventrad and 
small shortening of the limb bones is another constant character, 
although the relative amount of shortening differs in the various 
disorders and is the mildest in droopy-ear. Only droopy-ear 
has abnormal scapulae. 
Several theories have been put forward to explain why some 
parts of the skeleton should be more severely effected than others, 
(rneberg (1955) writing on tail-kinks, a mutant in hioh the 
cervical, upper thoracic and caudal regions of the vertebral 
ln are grossly affected, explains these regional abnormalities 
In trs of gene action of no definable 'period of activity', but 
that in tail kinks 'the effects become apparent when susceptible 
(small) selerotomes pass through a critical phase of differentiation". 
That a gene has no definable 'period of activity' with direct 
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respect to tine, but rather a period of activity riaarily in 
respect to cell differentiation or chemical change is the easier 
concept to understand, This in many cases may necessarily limit 
the activity of the gene to a certain period of time. In ci roopy-
ear it would seem that the activity of the gene is associated 
with the early stage of mesenchysal condensations. 
The localisation of specific almormailties might also be 
dependent on the time of chondrificatton, Landaur (191) noted 
that in Creeper fowls the cartilage primordia which appeared 
earliest were the ones to suffer the greatest degree of abnormal 
differentiation. Certainly in the souse the basioccipital, 
anterior are of the atlas, and the scapulae are amongst the 
I 
earliest to chondrify. Also within any system, such as a limb 
rudiment, it is the earliest formed, which is the nost affected, 
thus the humerus shows proportionally greater reduction than the 
radius and ulna. The explanation of this may lie in the fact 
that the parts formed earliest also grow quickest, and thus in the 
event of any deleterious effect would naturally suffer most. 
There is one further theory which deals specifically with 
the failure of chondrification. It is that if the mesenchymal 
condensations fail to reach a critical size, then chondrification 
may fail to occur (Grneberg, 1953), This is also upheld by 
droopy-ear, in that the meeenchymal condensations of the scapulae 
In the 12 day embryo are thinner than normal, and at 13 days there 
is no chondrification in the posterior part of the blade 1 and 
this part is not represented by a ligament in the adult mice. 
The problem now remain; why are some mesenchysal condensations 
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thinner than otiers, and Why in undulated mice are the acromions 
represented by ligaments, while the scapulae are viliole, and in 
droopy-eared mice the scapulas are incomplete, yet the acromions 
are partly ossified, 
In conclusion it may be said that droopy-ear does endorse 
the existing theories, The period of activity of the gene may 
be related to the time of formation of the mesenchywal condensations. 
Those which are formed earliest are the most affected, and as a 
result are thinner than norma]. and chondrification may tail to 
occur, 
Droopy-ear has proved itself to be an excellent mutant for 
developmental study, The internal bone structure and the red 
blood cell anomalies offer on ideal field for hietochemical 
research, and an a further example of a chondrodystrophic disorder 
droopy-ear ahould be of great experimental value, 
-56- 
Droopy—ear is a single, recessive, autosoinal gene, with full 
pene trance 1 
Droopy—ear 10 linked to Varitint, p 27 + 3.2, but segregates 
Independently of the other genes tested.  
In adult droopy—eared nice the areas of specific abnormalities 
are the occiput and shoulder girdle. The rest of the skeleton 
shows immaturity of form, and disproportionate shortening of 
the limb bones. 
The anomalies of the adult skeleton are traced back, through 
a delay in ossification, to a delay in chondrifiaation and 
localised areas of abnormal cartilage, and thus back to 
disturbed inesenchymal condensation, which in some cases are 
also thins 
Some anomalies of the internal bone structure are described. 
The blood has a low red cell count. 
The droopy—ear syndrome Is considered in relation to the 
syndromes of other mouse mutants whose mesenchyinal condensations 
are disturbed, 
The droopy—ear syndrome is compared with the condition in 
other ohondrodystrophic disorders, and their similarities noted 
The theories concerning the localisation of specific 
abnormalities are discussed in relation to droopy—ear. 
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APPENDIX 
The investigation of deafness 
Droopy-eared mice were thought to be deaf, as they appeared 
to show no response to the clicking of forceps. This was 
investigated by more thorough and systematic methods, and a 
histological examination was carried out. The results were 
interpreted in the light of the rest of te droopy-eared syndrome, 
MMkIODS 
Mice were tested daily by means of clicking forceps, and the 
jingling of keys, 
For the histological work s the ears were fixed by injection 
of bouins into the carotid artery of freshly killed mice; then 
the auditory capsules were dissected out, and fixed over night 
in bouins. They were decalcified in 2% fuming nitric acid in 
'O% alcohol, The material was double embedded in celloidin in 
methybensoate, and then in wax, Sections were cut at lop,  and 
stained with baematoxlin and eosin, 
kthSUIT8 
i) The reaction of the droopy-eared mice to the click of 
forceps varied from day to day, from a slight twitch of the ears 
to no reaction at all 	The normal mice reacted regularily by 
very definite movement of the ears and head. 
In response to the sustained jingling of keys, both normal 
and droopy-eared mice became jumpy anc showed other typical 
nervous symptoms (Vicari, 1951), Only a few droopy-eared mice 
showed no apparent response to the sound, 
2) Ears of mice from 20-207 days old were sectioned. No 
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DISCUSSION 
This pork reveals that droopy-eared nice are not entirely 
deaf, and do not become deaf with age, as in the event of disuse 
there is degeneration of the inner ear (Lurie, 1941). This was 
not found in any of the ears sectioned. But it would appear 
that droopy-eared mice are hard of hearii1g this is probably a 
result of the absence of the tegmen tympani, ihich causes the 
middle ear to have a long non-bony region down the dorso-lateral 
sides an results in the periotic and tyapanic bones being held 
together very precariously, This may also cause the articulation 
of the ear oeaiclee to be loose. It is very probable that the 
fina l result is a decrease of efficiency in the relaying of 
vibration: across the middle ear, 
CONCLUSION 
The deafness of droopy-eared mice is not a genuine 
pletotropic effect of the gene, but a secondary mechanical 
effect dependent on the absence of the tegmen tympani. 
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